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PREFACE 


This  investigation  was  conducted  by  Lockheed-California  Compaq,  Burbank, 
California,  for  the  Department  of  the  Navy,  Naval  Air  Systems  Command /Naval 
Air  Development  Center  under  NADC  Contract  No.  N62269-77-C-0021/ . Mr.  E. 
Balmuth  was  the  Navy  Program  Manager  and  S.  J.  Barber  was  the  Contracting 
Officer. 

This  report  covers  work  performed  from  30  November  1976  to  27  February  1978. 

The  authors  are  grateful  for  the  assistance  provided  by  A.  Chulick  for  tensile 
and  exfoliation  testing,  D.  Black  for  spectra  fatigue  and  fracture  testing, 

D.  E.  Pettit  for  assistance  in  fracture  analysis  and  S.  T.  Chiu,  C.  T.  Clark, 
S.  T.  Diggs,  J.  Ekvall,  W.  E.  Krupp,  W.  Leuder3 , L.  Silvas,  and  J.  H.  Wooley 
for  their  contributions. 


The  authors  also  appreciate  the  7050-T7E73  information  and  data  supplied  by 
Aluminum  Company  of  America,  on  a no  cost  basis,  through  the  cooperation  of 
A.  S.  Kuhns , P,  Mehr,  and  K.  B.  Shepard. 
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I.  INTRODUCTION 

The  high  strength  7000  series  aluminum  alloys  Ivave  been  used  extensively 
in  airframe  construction  due  to  their  strength  to  weight  ratios  and  low 
fabrication  costs.  However,  the  7000  series  alloys  in  their  high  strength 
T6  temper  conditions  are  susceptible  to  stress  corrosion  cracking  and 

exfoliation.  An  improvement  of  the  stress  corrosion  and  exfoliation 
resistance  of  the  To  conditions  was  obtained  by  reaging  at  higher  (325  - 

o v 

350  F)  temperatures  to  produce  T73  and  T7b  tempers.  However,  this  improve- 
ment was  accompanied  by  a reduction  in  strength  which  prevents  7075-T7 3 or 

T76  material  from  replacing  7075-Tb  parts  unless  lower  strengths  can 
be  accommodated. 

Efforts  to  retain  the  static  strength  of  7075-T6,  with  an  improvement  in 
corrosion  resistance  led  to  the  development  of  the  7050  alloy.  In 
particular,  7050  extrusions  have  shown  the  potential  lor  being  a direct 

substitute  for  7075-T6  extrusions  on  a strength  basis  while  providing 
a significant  improvement  in  the  resistance  to  stress  corrosion  and 
exfoliation. 

Lockheed  has  considered  7050-T76  extrusions  as  a potential  replacement 
for  the  extruded  7075-T6  F-3  wing  spar  caps  and  wing  skins.  This 
potential  caused  considerable  in-house  testing  to  be  performed  on 
various  extruded  7050-T70  shapes.  The  test  results  confirmed  an 
improved  combination  of  strength,  corrosion  re*  ance  and  touglmess  over 
the  7075  material.  However,  additional  data  on  spectra  fatigue,  crack 
growth  and  fracture  toughness  properties  were  needed  to  provide 
information  for  performing  structural  analyses.  The  need  for  these 
data  was  the  basis  for  this  program. 
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During  the  development  of  the  7050  alloy,  the  T7 6 temper  extrusions 
had  typical  properties  which  generally  exceeded  7075-Tb  minimums ; 
however,  the  established  guaranteed  tensile  and  yield  strength 
properties  were  2 Ksi  below  the  7075"Tb  minimums.  Negotiations 
between  Lockheed  and  the  Aluminum  Company  of  America  (Alcoa)  were 
conducted  to  obtain  7050  extrusions  with  guaranteed  7075-Tb  minimum 
tensile  properties.  This  resulted  in  a new  temper  currently  desi- 
gnated as  T7E73,  which  included  the  510  stretcher  level  processing. 
The  extruded  7050-T7E73  material  was  procured  and  tested  in  this 
program. 
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II.  TEST  MATERIALS 


Testing  was  performed  on  T0T5— To^jT.0  and  7050-T7E73  extruded  shapes  which  are 
currently  used  for  P-3  structural  wing  components.  A wing  spar  cap  shape, 

LS  9 7^8,  shown  in  Fig.  1 and  a wing  plank  shape,  LS  d78l,  shown  in  Fig.  2 
were  selected.  The  7Q75-T6510  shapes  were  obtained  from  stock  and  were 
produced  by  Alcoa.  The  7050-T7K73  shapes  were  produced  by  Alcoa  in  accord- 
ance with  the  provisions  included  in  Appendix  A.  The  7050-T7E73  spar  cap 
material  was  originally  produced  by  Alcoa  as  7050-T7O510  material  for  NADC. 
However,  the  tensile  properties  were  below  the  7075-Tt>  mini mums  and  the 
material  was  returned  to  the  Alcoa's  Lafayette,  Indiana,  Extrusion  Plant  for 
reprocessing  (heat  treating,  stretching  and  aging)  to  the  T7E73  condition. 

The  7050  wing  plank  material  was  processed  directly  to  the  T7E73  condition 
at  the  Lafayette  Extrusion  PI  suit  . Two  lots  of  7050  wing  plank  material  were 
procured  to  provide  information  on  material  and  processing  variances. 

dome  information  was  supplied  by  Alcoa  on  the  age  stabilizing  treatment  for 
7050  material.  The  spar  cap  shape  received  a final  age  of  18  hours  at  318 
to  31 5°F  and  the  wing  planks  received  a final  age  of  22  hours  at  310  to 
330°F. 

The  mechanical  properties  of  7050-T7E73  and  7078-Tt>510  extrusions  reported  by 
Alcoa  are  included  with  the  Lockheed  tensile  results  shown  in  Tables  1 through 
6.  The  7075  test  report  results  are  listed  as  Typical  Test  Report  data,  since 
stock  is  intermixed  and  the  exact  test  report  could  not  be  matched  with  the 
pieces  used  for  this  test  program.  In  addition  to  the  7050  test  report  data, 
pieces  of  the  7050-T7E73  wing  plank  extrusions  were  sent  to  Alcoa's  Technical 
Center  for  additional  testing.  Data  transmitted  to  Lockheed  are  contained  in 
Appendix  A.  These  results  are  also  included  in  the  appropriate  tables  with 
the  Lockheed  results  and  are  identified  as  Alcoa  Tech  Center  data. 
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III.  TEST  SPECIMEN  PREPARATION  AND  PROCESSING 


The  types  and  quantities  of  specimens  tested  for  each  material  variable  are 
summarized  in  Table  1.  The  specimen  configurations  are  shown  in  Pigs.  3 
through  8.  Hie  specimen  shown  in  Fig.  3 was  used  for  the  longitudinal  and 
long  transverse  tensile  tests.  The  specimen  shown  in  Fig.  U was  used  for  the 
short  transverse  tensile  tests.  Hie  specimens  shown  in  Fig.  5 were  used  for 
exfoliation  testing.  The  specimens  shown  in  Figs.  6 and  7 were  used  for 
spectra  fatigue  testing  at  two  stress  concentrations  of  2.7  and  U.O.  The 
specimen  shown  in  Fig.  8 was  used  for  the  crack  propagation  and  plane  stress 
fracture  toughness  testing. 
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Hie  typical  locations  of  specimens  taken  from  the  spar  cap  shape  are  shown  in 
Fig.  9 and  the  typical  locations  of  specimens  taken  from  the  wing  plank  shape 
are  shown  in  Fig.  10.  With  exception  of  the  stepped  exfoliation  specimens, 
the  specimens  were  taken  at  the  mid  plane  of  the  thicknesses.  The  longi- 
tudinal specimens  were  taken  parallel  to  the  extrusions  length.  The  long 
transverse  specimens  were  taken  perpendicular  to  the  extrusion  direction  and 
from  the  .630  inch  thick  spar  cap  leg  and  the  . 8U 1 inch  thick  wing  plank 
base.  The  short  transverse  tensile  specimens  were  taken  perpendicular  to  the 
longitudinal  and  long  transverse  directions.  The  specimens  were  taken  from 
the  spar  cap  at  the  intersection  of  the  .630  inch  and  . 9^0  inch  thick  legs 
and  from  the  wing  planks  in  the  1.90  inch  high  riser. 


After  machining,  the  tensile,  exfoliation  and  fracture  toughness  specimens 
received  no  further  processing.  Subsequent  processing  of  the  spectra  fatigue 
specimens  included  etching  followed  by  chemical  film  treatment  or  saturation 
shot  peening  plus  etching  and  chemical  film  treatment.  Hie  fatigue  stress 
concentration  notches  were  drilled  and  reamed  after  all  processing  was 
completed.  Hiis  processing  was  performed  in  Lockheed-Cali fornia  Company 
production  facilities  with  the  same  procedures  as  used  to  produce  P-3  parts. 
The  chemical  film  treatment  was  in  accordance  with  LAC  C-0498D(2)  which  meets 
MIL-C-55^1A.  Hie  specimens  were  given  an  alkaline  etch  prior  to  the  applica- 
tion of  the  chemical  film.  Hie  saturation  shot  peening  was  in  accordance  with 
LAC  C-ll47bC(M  which  meets  MIL-S-131b5C.  SAE  230  size  shot  was  used  at  an 
intensity  of  0.003  to  0.008A. 
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Tensile  (T) 
Exfoliation  (E) 


Fatigue  (F) 

Crack  Growth/Toughness  (C) 


Figure  10  Typical  Tost.  Specimen  Layout  for  Wing  Flank  Material 
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IV.  TEST  PROCEDURES 

Tensile  Tests.  Tensile  tests  were  conducted  in  accordance  with  procedures 
established  in  ASTM  Specification  E8 , entitled  "Standard  Methods  of  Tension 
Testing  of  Metallic  Materials".  Speed  of  testing  was  controlled  by  adjust- 
ment to  a machine  cross  head  speed  to  produce  a strain  rate  of  .005  in.  per 
in.  per  minute  through  the  proportional  limit.  This  cross  head  speed  was 
maintained  until  after  removal  of  the  extensometer  at  which  time  the  cross 
head  speed  was  approximately  doubled  until  specimen  failure.  Determination 
of  yield  strength  was  made  from  an  autographic  load  vs.  strain  curve  and 
was  specified  as  0.2  percent  offset.  Elongation  in  a two-inch  gauge  length 
and  reduction  of  area  were  computed  in  accordance  with  the  ASTM  procedures. 

EXCO  Exfoliation  Tests.  The  EXCO  tests  were  conducted  in  accordance  with 
the  procedures  established  in  ASTM  Specification  G3l* , entitled  "Standard 
Method  of  Test  for  Exfoliation  Corrosion  Susceptibility  in  7XXX  Series 
Copper  Containing  Aluminum  Alloys  (EXCO  Test)."  The  total  surface  areas 
of  the  specimens  were  calculated  to  insure  that  the  amount  of  solution 
exceeded  50  milliliters  per  square  inch.  Specimens  were  inspected  after  2L 
hours  of  exposure  and  after  ramoval  at  1*8  hours. 

Salt  Spray  Exfoliation  Tests.  The  seven-day  salt  spray  test  was  conducted  in 
accordance  with  Lockheed  Specification  C-0521F.  In  this  test,  the  specimens 
were  exposed  to  a cyclic  spray  consisting  of  a solution  of  five  percent 
sodium  chloride  adjusted  with  glacial  acetic  acid  to  a pH  of  3.0  to  3.1  as 
follows : 

a)  U5  minute  spray 

b)  2 hours  of  dry  air  purge 

c)  3 hours  and  15  minute  soak  at  1*5-95^  relative  humidity 

The  six-hour  cycle  is  repeated  for  a total  period  of  7 days  (28  cycles). 

The  specimens  were  then  rinsed  in  water  and  immersed  in  concentrated  nitric 
acid  at  room  temperature  followed  by  a water  rinse. 

lU 
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Flight-by-Flight  Spectra  Fatigue  Tests.  The  flight-by-flight  spectra  fatigue- 
tests  of  1.5  inch  wide  specimens  were  conducted  on  two  ten  thousand  pound 
closed  loop  electrohydraulic  servo  controlled  test  machines  which  were  de- 
signed and  constructed  by  the  Lockheed-California  Company. 

Figure  11  shows  the  installation  of  two  specimens  in  the  test  machines, 
which  are  numbered  channels  3 and  4 and  are  side-by-side  to  facilitate 
monitoring  of  incipient  cracking  and  crack  growth.  Figure  12  schematically 
illustrates  the  arrangement  of  a test  machine  and  magnetic  tape  load  pro- 
grammer. In  the  installation  used  in  this  program,  the  two  machines  were 
in  parallel  and  were  run  by  two  independent  programmers  with  only  one  tape 
deck.  In  these  machines,  loads  can  be  controlled  within  a scale  accuracy 
of  ± 2 percent  at  frequencies  up  to  45  Hz. 

As  indicated  in  Figure  12 the  loading  system  employed  the  following  safe- 
guards against  specimen  overload. 

1.  A load  limiter  was  included  to  protect  the  specimens  from  spurious 
electrical  signals  as  well  as  operator  error  by  simply  limiting  the 
maximum  amplitude  of  the  signals  to  the  pre-selected  value. 

2.  A high-speed  dump  valve,  located  across  the  hydraulic  lines  between 
the  servo  valve  and  the  servo  jack  protected  the  specimens  from 
overload  in  the  event  of  internal  valve  leakage  from  the  hydraulic 
pressure  reservoir  to  the  high  pressure  side  of  the  jack. 

3.  A high-speed  relay  was  located  within  the  servo  valve  amplifier.  In 
the  event  the  rate  of  increase  in  the  command  signal  would  have 
exceeded  that  which  had  been  programmed,  this  relay  would  have  locked 
the  servo  valve  and  opened  the  high-speed  dump  valve. 


Specimens  were  restrained  from  buckling  under  compression  loadings  by  using 
an  anti-buckling  bar  support  on  the  specimens.  Figure  13  shows  the  bars 
installed  on  a specimen.  Contact  between  the  specimen  and  bar  support 
assembly  is  through  teflon  and  the  assembly  is  installed  by  finger  tightening 
to  preclude  any  load  being  carried  by  the  anti-bucking  assembly. 
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During  the  testing,  the  specimens  were  examined  at  Least  every  LOGO  flights 
using  a magnifying  glass  to  detect  incipient  cracking.  During  the  period 
of  crack  growth,  a finely  graduated  ruler  was  read  by  a magnifying  glass 
at  intervals  which  wore  dependent  upon  the  rate  of  crack  growth. 

The  spectra  of  fatigue  loadings  used  in  this  testing  were  derived  from 
operational  service  loading  records  for  the  r- LA  Fleet  as  a part  of 
Contract  NOOOI9-76-A-OOI,  Order  No.  KZ3**,  "Service  Life  Extension  Program 
(SLKT)  Part  i",  (Reference  1 ),  which  wus  performed  at  the  Lockheed-Cali fornia 
Company.  This  spectra  is  appropriate  for  use  in  this  program,  as  it  is 
basical Ly  the  spectra  to  which  the  7050-T7E73  material  would  he  subjected 
if  used  in  the  P-3  series  aircraft.  Table  2 lists  the  gross  ares  stress 
loads  of  the  P- LA  test,  spectra  taken  from  Reference  1. 

To  preclude  the  fatigue  test  specimens  being  subjected  to  very  Large 
numbers  of  flights  in  the  testing,  the  test  spectra  Loadings  were  increased 
in  magnitude  by  .L‘J  to  30  percent  to  shorten  the  flights  to  crack  initiation. 

In  the  tables  and  plots  of  the  test,  data,  tills  increase  is  noted  ns  a stress 
factor  (S.F.),  by  will  oil  all  loadings  in  the  spectra  have  been  multiplied. 

For  example,  G.F.  - 1.30  means  all  loadings  have  been  multiplied  by  1.J0 
(increased  l>y  30  percent). 

Specimens  were  generally  selected  for  testing  in  pairs,  one  eacli  of 
7075-T6510  and  7050-T7E510  witli  the  same  stress  concentration,  processing, 
product  form  and  grain  direction.  Tills  procedure  was  adopted  to  minimize 
tiie  effects  of  Loud  variability.  Additionally,  each  alloy  pair  was  posi- 
tioned in  ttie  test  fixture  to  minimize  any  biasing  effect,  due  to  position 
in  the  fixture. 

All  of  the  fllght-by- flight  spectra  fatigue  tests  were  conducted  in 
Laboratory  ambient  conditions  at  room  temperature  (h.T.)  and  ho  tlOjd 
relative  humidity  (K.H.). 
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TABU:  FLIGHT- BY-FLIGHT  FATIGUE  TEST  UPPER  SURFACE  STRESS  SHSCTRA 

\ (F--SA  OPERATIONAL  MISSION  MIX:  SLEF,  PART  I) 

(GROSS  AREA  STRESSES) 




t CYCLIC 
STRESS 

MAXIMUM 

STRESS 

MINIMUM 

STRESS 

NORMALIZED  STRESSES 

CVCLES* 

MEAN 

± CYCLIC 

APPLIED  Z'' 

( :<si ) 

( KSI ) 

(ESI) 

21.2 

21.2 

lOCO  ELTS. 

TAXI  AND  LANDIMC 


It 

7. 3 

- 0.2 

o.: 

179 

0.189 

1 ' 

'/I 

O 

O 

5 

3.8 

- 1.2 

0.236 

1! , COO 

6 

9.3 

- 2.2 

0.233 

0 

0 

7 

10.3 

- 3.2 

0.  330 

1,100 

3 

11.3 

- It. 2 

9. 37” 

310 

9 

12.3 

- 5.2 

0.125 

100 

10 

13.3 

- 6.2 

0.172 

39 

ll.  3 

- 7.2 

C.  519 

13 

12 

15.6 

- 3.2 

0.566 

5 

13 

| 16. 9 

- 9.2 

o.: 

L79 

0.613 

\ 

•a 

MANEUVERS  AND  GUST 


1 

- 3.2 

-11.2 

-0. 

JlO 

0.139 

l”, 500 

5 

- 2.2 

-12.2 

0.236 

3,500 

6 

- 1.2 

-13.2 

0.293 

330 

- 0.2 

-11.2 

0. 330 

330 

3 

0.3 

-15.2 

0.37-7 

130 

9 

1.3 

-16.2 

0.125 

65 

10 

2.3 

-17.2 

0.172 

11 

3.3 

_l3 . 2 

0.519 

10 

12 

1.9 

-19.2 

0.566 

6 

13 

5.9 

-20.2 

0.613 

1 

!l 

6.3 

-21.2 

-0.: 

10 

0.660 

4 

• 10C0  flight  random  cycle  tape  made  vhich  is  applied  fou-  times 
to  get  the  specified  number  of  cycles  in  this  column  in  LOGO 
flights  containing  an  average  of  about  15  cycles  per  flight. 


NOTE: 


Constant  Amplitude  Praek  Propagation  Tests.  The  crack  propagation  data 
were  generated  on  closed-loop  electro-hydraulic  test  machines  at  a loading 
frequency  of  t>  He.  and  a stress  ratio  of  K = +0.10.  Ambient  air  at  = 10? 
relative  humidity  (R.H.)  and  moist  air  at  R.H.  environments  were  used 

at  room  temperature  (R.T. ). 


To  prevent  out-of-loading-plane  distortion  of  the  test  specimen  in  the 
vicinity  of  the  crack,  anti-buckling  bars  were  attached  approximately  two 
inches  above  and  below  the  crack  ns  shown  in  Figs.  lU  and  lb. 


Crack  length  readings  were  taken  using  optical  techniques.  Fig.  Lb  shows 
the  7b  X.10  micrometer  microscope  that  was  used  . 


Various  gross  stress  ievels  were  used  to  propagate  cracking  from  the  .'.0 
inches  long  manufactured  notch  to  crack  lengths  of  b«3  and  %o  inches. 

Fracture  Toughness  Tests.  All  fracture  toughness  (K-Curve)  test,  procedures 
followed  AS TO  E b6l-76T,  entitled,  "Tentative  Recommended  Practice  for  K- 
Curve  Determination. " 


The  fatigue  precracking  was  conducted  at  6 Hz  in  closed-loop  electrohydraulic 
universal  machines  in  laboratory  air  and  at  a stress  ratio  = +0.1.  The  maxi- 
mum load  was  decreased  so  that  a final  value  of  AK  of  less  than  .'0  ksivin. 
was  maintained  for  the  last  0.5  inch  of  crack  growth  to  assure  that  a flat 
initial  crack  was  developed  for  the  fracture  test. 


All  static  fracture  tests  were  conducted  in  laboratory  air  at  room  temperature 
or  -ob‘F  in  a closed-loop  electrohydraulic  universal  test  machine.  A loading 
rate  of  approximately  SO,  000  pounds  ./minute  was  used.  Ant.ibuckling  guides 
were  located  approximately  one  inch  above  and  below  the  plane  of  the  crack  in 
all  tests.  Two  displacement  gages  were  used  to  measure  crack  opening  dis- 
placement, one  on  each  side  of  the  specimen.  Ttie  gages  used  were  the  clip-on 
double  cantilever  typo  described  in  ASTM  E 399,  entitled  "Standard  l'est  Met. hod 
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for  Plane-Strain  Fracture  Toughness  of  Metallic  Materials."  These  'ages 
were  placed  at  the  center  of  the  crack  between  two  gage  mount  blocks  which 
were  bonded  to  the  specimen.  The  gage  length  was  0.20  inch.  The  outputs 
of  the  load  transducer  and  the  two  compliance  gages  were  fed  directly  into 
the  Rye  Canyon  computer  facility  and  computer-plotted  results  of  load  versus 
compliance  were  obtained.  This  test  system  has  been  described  in  detail  in 
Reference  2 . 

Average  displacement  measurements  obtained  from  these  two  gages  were  used  to 
determine  the  corresponding  crack  lengths.  The  translation  from  cruck  open- 
ing displacement  (COD)  to  crack  lengths  was  accomplished  using  the  Liebowitr. 
width  corrected  Irwin-Westergaard  expression: 


Where : 

E = modulus  of  elasticity 
p - Poisson's  Ratio 

COD  = 2v  = crack  opening  displacement 
c = l/2  total  effective  crack  length 
S = gross  stress 
W ~ test  panel  width 
Y = l/2  span  of  COD  gage 

Tlie  equipment  used  for  the  room  temperature  tests  was  also  used  for  the 
tests  conducted  at  -65°F.  The  center  crack  area  on  the  panel  was  enclosed 
and  nitrogen  gas  from  a liquid  nitrogen  tank  was  metered  into  the  enclosed 
chamber  under  closely  controlled  and  continuously  monitored  conditions. 


utilizing  monitoring  and  controlling  thermocouples  attached  to  the  panel, 
and  solenoid  actuated  valves.  The  temperature  was  stabilized  at  -65  ± 5°F 
across  the  panel  width  for  5 minutes  prior  to  testing.  Figure  16  shows  a 
-65°F  test  set-up. 

Data  reduction  was  conducted  per  ASTK  E56I-76T. 
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V.  TEST  RESULTS  AND  DISCUSSION 


Chemical  Analyses.  The  chemical  analyses  results.  Table  3 , show  all 
the  test  material  was  within  the  required  chemical  composition  limits. 

The  analyses  performed  on  the  7050-T7E73  wing  plank  material  at  Lockheed 
and  Alcoa's  Technical  Center  were  in  close  agreement. 

Tensile  Properties.  The  tensile  results.  Tables  L through  6,  show  the 
7050-T7E73  and  7075 -T6 5 10  test  material  have  comparable  tensile  properties. 
All  the  7050  test  values  show  a 5 percent  or  greater  margin  over  the 
707b-T6  extrusion  speci fication  minimum  properties.  Specifically,  the 
longitudinal  7050-T7E73  properties  exceed  the  7075-T6  minimum  requirements 
by  L to  11  Ksi  in  tensile  strength,  5 to  11  Ksi  in  yield  strength  and 
3 to  7 percent  in  elongation. 

Associated  with  tensile  properties,  corresponding  Rockwell  B hardness 
values  were  determined  on  the  test  material  and  reported  in  Tables  l* 
through  6. 

Exfoliation  Behavior.  The  exfoliation  test  results.  Tables  L through  6, 
show  the  7050-T7E73  extrusions  to  have  an  acceptable  level  of  exfoliation 
corrosion  resistance  and  the  7075-T6510  extrusion  to  be  almost  as  good. 

The  behavior  of  the  7075  material  in  this  test  program  is  better  than 
expected  for  the  T6  condition.  The  Lockheed  results  represent  a composite 
of  the  EXCO  and  7 day  salt  spray  test  results.  Some  difficulty  was 
encountered  with  EXCO  testing  in  that  one  set  of  results  showed  the 
7050-T7E73  wing  planks  to  have  an  ED  rating  on  the  T/10  planes  and  upon 
retesting  adjacent  specimens  only  pitting  was  observed.  The  7 day  salt 
spray  results  were  more  consistent  and  less  severe  than  the  EXCO  tests 
in  that  the  7050  wing  planks  had  an  EA  rating  on  the  T/10  plane.  The 
results  from  Alcoa's  Technical  Center  are  the  result  of  EXCO  testing  and 
are  in  agreement  with  the  Lockheed  composite  rating. 
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International  Annealed  Copper  Standard 

ane  Evaluated  S = Surface,  T/10  = 1/10  plane,  T/2  = mid  plane 
Exfol  Rating  Rating  per  ASTM  g3*+ 


PROPERTIES  OF  7050-T7E73  P-3  WING  F1AIJK  EXTRUSIONS 


(1)  ^ International  Annealed  Copper  Standard 

f2)  Plane  Evaluated  S = Surface,  T/10  = 1/10  plane,  T/2  = mid  plane 
Exfol  Rating  Rating  per  ASTM  03^ 

^3)  % Elongation  in  .5  inch 


In  addition  to  exfoliation  testing,  the  electrical  conductivities  of  the 
test  materials  were  measured,  since  conductivity  is  used  to  confirm  proper 
age  stabilization  for  acceptable  corrosion  resistance.  The  values,  shown 
as  percent  International  Annealed  Copper  Standard  [%  IACS)  are  presented  in 
Tables  4 through  6 . The  7050-T7E73  material  had  electrical  conductivity 
values  of  37.0  to  30.1$  IACS  and  the  7075-T6510  material  had  values  of 
30.8  to  3,».3‘$  IACS. 

Stress  Corrosion  Resistance.  Although  stress  corrosion  testing  was  not 
included  as  part  of  the  Lockheed  testing,  stress  corrosion  testing  was 
performed  at  Alcoa's  Technical  Center  in  accordance  with  ASTM  G44-75 
entitled  "Standard  Recommended  Practice  for  Alternate  Immersion  Stress 
Corrosion  Testing  in  3.5$  Sodium  Chloride  Solution."  The  results,  in 
Appendix  A,  showed  0.75  inch  "C"  rings  taken  in  the  short  transverse 
grain  direction  of  7050-T7E73  wing  planks  and  stressed  to  10,  15,  20,  and 
25  Ksi  had  no  failure  after  47  days  of  testing.  Tensile  specimens,  0.125 
inch  diameter,  taken  in  the  longitudinal  grain  direction  and  stress  to 
20  and  35  Ksi  had  no  failure  after  47  days  of  testing. 

Flight-by-Flight  Spectra  Fatigue.  Cross  references  of  test  specimen  identifi- 
cations, conditions  and  test  data  for  the  spectra  fatigue  specimens  are  shown 
in  Table  7.  The  flight-by-flight  spectra  fatigue  test  results  are  shown  in 
Figs.  17  through  26.  In  these  figures,  cracking  which  occurs  on  both  sides 
of  the  stress  concentration  is  added  to  the  hole  diameters  (.250  inch  for 
K =2.7  and  .300  inch  for  K = 4.0,  Ref.  Figs.  6 and  7)  and  the  total 
lengths  are  plotted  vs.  flight  hours.  The  average  number  of  flight  hours 
per  flight  for  this  service  mission  mix  is  five. 

Basically,  the  flight-by-flight  fatigue  test  data  show  that  fatigue 
lives  of  7050-T7E73  are  as  good  or  better  than  7075-T6510  for  small  crack 
lengths  of  approximately  .15  inches,  for  the  products  and  conditions  tested 
in  this  program.  This  is  shown  in  Figs.  17  through  26,  and  compared  in 
Table  8. 
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22  Fatigue  Cracking  of  7075-T6510  and  7050-T7E73  Wii 
Machine,  Etch  and  Chemical  Film  Proces 
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Cracking  of  7075-T6510  and  7050-T7E73  Wing  Plank  Specimens, 
4.0,  Machine,  Etch  and  Chemical  Film  Processing 
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Figure  2U  Fatigue  Cracking  of  7075-T6510  and  7050-T7E73  Spar  Cap  Specimens, 
Kt  = 4.0,  Machine,  Shot  Peen,  Etch  and  Chemical  Film  Processing 


Figure  2o  Fatigue  Cracking  of  7075-T6510  and  7050-T7E73  Wing  Plank  Specimens, 
Kt  = 4.0,  Machine,  Shot  Peen,  Etch  and  Chemical  Film  Processing 


TAPLE  i'  COMPARISON  OF  FATIGUE  TEST  RESULTS 


GRAIN 

DIRECTION 

PRODUCT  FORM  & PROCESSING 

COMPARISON 

Long. 

Spar  Cap,  Machine,  Etch, 
and  Chemical  Film 

7050-T7E7?  significantly 
better 

Long. 

Flank,  Machine,  Etch, 
and  Chemical  Film 

7050-T7E73  s ignificant  ly 
better 

Long. 

Spar  Cap,  Machine,  Shot 
Peen,  Etch,  and  Chemical 
Film 

7050-T7E73  equivalent 

Long. 

Plank,  Machine,  Shot 

Peen,  Etch,  and  Chemical 
Film 

7050-T7E73  significantly 
better 

Long. 

Spar  Cap,  Machine,  Etch 
and  Chemical  Film 

70‘50-T7E73  better 

Long. 

Plank,  Machine,  Etch, 
and  Chemical  Film 

70S0-T7E73  significantly 
better 

Long 
Trans . 

Flank,  Machine,  Etch, 
and  Chemical  Film 

7050-T7E7?  significant  ly 
better 

Long. 

Spar  Cap,  Machine,  Shot 
Peen,  Etch,  and  Chemical 
Film 

70S0-T7E73  better 

Long. 

Plank,  Machine,  Shot 

Peen,  Etch,  and  Chemical 
Film 

70S0-T7E73  equivalent 

Long 
Trans . 

Flank,  Machine,  Shot  Feen, 
Etch  and  Chemical  Film 

7050-T7E73  equivalent 
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For  spectra  fatigue,  magnitudes  of  all  gross  area  stress  levels  in  the 
loading  spectra  listed  in  Table  2 were  increased  by  a fixed  percentage  to 
increase  the  severity  of  the  spectra.  This  increase  was  effected  to  produce 
realistic  test  durations  for  the  stress  concentrations  which  were  tested. 

The  fixed  percentage  increases  used  in  each  test  are  expressed  as  a stress 
factor  (S.F. ) and  are  given  in  Figs.  IT  through  2 6. 

In  examining  Table  8,  it  is  apparent  that  the  fatigue  improvement  of 
7050-T7ET3  over  the  7075-T6510  is  more  pronounced  for  the  machine,  etch  and 
chemical  film  processing  comdination  than  for  the  processing  combination 
which  includes  shot  peering. 

The  flight -by-flight  spectra  fatigue  test  results  are  presented  in  tabular 
form  in  Appendix  B. 

Crack  Propagation.  The  test  specimen  identification  and  test  conditions 
are  shown  in  Table  9.  The  constant  amplitude  crack  propagation  data 
generated  in  this  program  were  reduced  to  crack  growth  rate  (da/dK)  using 
a Lockheed  computer  program  and  plotted  in  Figures  27  and  28  as  a function 
of  AK.  The  selection  of  AK  was  made  to  facilitate  the  comparison  with 
other  similarly  derived  data.  The  expression  for  AK  is: 

r — ■■  - ■ — ■ 

AK  = (1  - R)m  S /it  a SEC  ( — ) , where 
max  V w / 


l 

l 

I 

1 

1 

1 

I 


AK  is  in  units  of  ksirTn. 

R = Stress  Ratio  (S  . /S  ) 
min  max 

= .1  for  this  program 

m = .5 

S = Maximum  gross  area  stress  in  ksi 
max 

a = 1/2  of  the  total  crack  length  = 1/2  of  the 

starter  notch  plus  cracking  on  each  side  of  notch 

w = Width  of  panel. 
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tabu:  9 list  of  crack  propagation  specimens^)  and  test  conditions 


PANEL 

MATERIAL^2)  NUMBER 


70B0-T7E73 
Lot  A 

7050-T7E73  4 

Lot  B 


7075-T6BI0 


FREQUENCY 

ENVIRONMENT^) 

CRACK  LENGTH,  IN. 

INITIAL 

final 

6 Hz. 

Lab  Air 

2.0 

5.6 

6 Hz. 

Humid  Air 

2.0 

5.3 

6 Hz. 

Lab  Air 

2.0 

5.3 

6 Hz. 

Humid  Air 

2.0 

5.3 

6 Hz. 

Lab  Air 

2.0 

5.3 

6 Hz. 

Lab  Air 

2.0 

5.3 

6 Hz. 

Humid  Air 

2.0 

5.3 

6 Hz. 

Humid  Air 

2.0 

5.3 

(1)  Panel  width  = 16.1  inches;  Panel  thickness  = .00  inches 

(2)  Longitudinal  grain  direction,  wing  plank  extrusion 

(3)  Room  Temperature 

Lab  air  = 40$  relative  humidity 
Humid  air  =98$  relative  humidity 
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Figure  27  compares  the  crack  growth  rates  for  7050-T7E73  and  7075-T6510 
tested  in  a laboratory  air  environment.  It  shows  that  the  crack  propaga- 
tion properties  of  the  7050-T7E73  are  significantly  better  than  those  of 
the  7075-T6510,  i.e.,  the  indicated  threshold  AK  is  approximately  30" 
higher  for  7050-T7E73  and  da/dN  of  7050-T7E73  is  approximately  33$  of  the 
7075-TO510  values.  Figure  28  discloses  somewhut  the  same  results,  showing 
the  7050-T7K73  again  significantly  better  in  crack  propagation  properties 
in  a 98$  relative  humidity  environment. 


The  crack  propagation  data  are  presented  in  tabular  form  in  Appendix  C. 

Fracture  Toughness.  The  resistance-to-fracture  curves  (R  - curves)  are 
presented  in  Figs.  29  and  30  for  room  temperature  and  -65°F  respectively. 

In  Fig.  29,  for  the  room  temperature  testing,  an  envelope  has  been  drawn  for 
each  material  to  show  the  scatter  bands.  This  illustrates  that  7050-T7K73 
has  significantly  higher  fracture  resistance  than  the  7075-T6510 , with  an 
increase  of  approximately  60  to  70  percent  above  the  7075-T6510  values. 
Similarly,  the  increase  in  fracture  resistance  for  the  7050-T7E73  over  the 
7075-Tb510  is  of  the  order  of  60  to  JO  percent  for  a test  temperature  of 
-65°F,  as  shown  in  Figure  30. 


Table  10  lists  the  test  conditions  and  calculated  values  of  K . and 

apparent 

K . The  formulations  used  were: 


“apparent  = Smax  SEC(^) 


I 


h9 


I 

I 

I 


LOCKHIIO 


where 


Figure  29  R-Curve  Data  For  7075-TbSlO  and  7050-T7E73  Wing  Flank 

at  Room  Temperature 


TABLE  10  FRACTURE  TOUGHNESS  SPECIMEN  TEST  CONDITIONS V ^ ; AND  RESULTS 


MATERIAL^(l) 2 3) 


7050-T7E73 
(Lot  A) 


70r)0-T7E7^ 
(Lot  B) 


7075-T6S10 


DANIIL  INITIAL  CRACK 
NO.  LENGTH,  IN. 


TEST (3) 

K APPARENT 

TEMPERATURE 

KS1  n/IN. 

Room  Temp. 

86.3 

Room  Temp. 

87.8 

-65°P 

67.5 

Room  Temp. 

81.8 

Room  Temp. 

83.9 

-65°F 

62.5 

1 

Room  Temp. 

52.1 

Room  Temp. 

46.2 

Room  Temp. 

50.2 

Room  Temp. 

51.1 

-65  °F 

38.9 

-65°F 

38.5 

(l)  ranel  width  = 16.1  inches;  Panel  thickness  .00  inches 

(?)  Longitudinal  grain  direction,  wing  plank  extrusion 

(3)  Laboratory  air  *>40$  relative  humidity 


LOCKNIID 


^max  = MaximuBl  gross  area  stress 
1 cj  = l/2  initial  crack  length 

w = Width  of  panel 

jp  ccr  = 1/2  critical  effective  crack  length 

• The  Kc  values  listed  in  Table  10  show  a very  significant  improvement  in 

■ the  fracture  toughness  values  of  the  7050-T7E73  alloy  over  those  of  the 

_ 7075-T6510,  in  the  order  of  75 1°  at  room  temperature  and  at  -65°F.  It  may 

$ be  noted,  also,  that  the  fracture  toughness  of  7050-T7E73  at  -65°F  is 

significantly  higher  than  the  value  of  7075-T6510  at  room  temperature. 
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VI . CONCLUSIONS 


The  7050-T7L73  extruded  P-3  wing  spar  cap  and  plank  shapes,  produced  and 
processed  in  production  facilities  have  equivalent  tensile  and  improved 
exfoliation  resistance,  stress  corrosion  resistance,  and  fatigue  properties 
compared  to  identical  7075-T6510  extruded  shapes. 

Also,  it  was  found  that: 

o Crack  propagation  properties  at  room  temperature  of  the  7050-T7E73 
material  were  significantly  improved  over  the  7075-T6510  material 
in  lab  air  ( = 40$  R.H.)  and  humid  air  ( = 98$  R.H.)  environments , 
with  an  increase  of  approximately  30$  in  the  crack  growth  threshold 
and  a decrease  of  approximately  67$  in  the  crack  growth  rate. 

o Fracture  toughness  properties  at  room  temperature  and  -65°F  of  the 
7090-T7E73  material  were  60  to  70$  greater  than  those  of  the 
7075-T6510  material.  Fracture  toughness  of  7050-T7E73  at  -65°F  is 
approximately  30$  higher  than  7075-T6510  at  room  temperature. 

Based  upon  a comparison  of  the  above  engineering  properties,  a substitution 
of  the  7050-T7E73  for  the  7075-T6510  extrusions  would  enhance  the  structural 
maintainability  and  durability  of  the  P-3  series  aircraft. 
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VII.  RECOMMENDATIONS 


Based  upon  the  results  of  this  program,  it  is  recommended  that  appropriate 
material  specifications  and  design  allowables  be  established  to  permit  the 
substitution  of  7050-T7E73  extrusions  for  7075-T6510  extrusions  in  the  P-3 
production  aircraft. 
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ALcoa  Information 

Information  and  test  data  supplied  by  Aluminum  Company  of  America  are 
included  in  this  Appendix. 
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Lockheed  California  Company 
P.  0.  Box  551 

Burbank,  California  91520 
Attention:  Mr.  George  ’..’aid 
Gentlemen: 

Curing  a recant  meeting  you  asked  Alcoa's  intentions  to  provide 
7050  extrusions  at  the  sane  strength  le"el  ss  707j-r6.  3elow 
are  listed  the  fracture  toughness,  strets-corrosicr.  cracking  and 
exfoliation  characteristics  Alcoa  would  agree  to  for  the  ?-3 
family  of  Integrally  stiffened  panels  with  the  sar.e  nir.i.-ua  tensile 
properties  of  the  '075-TG511  extrusion.  This  material  would  be 
designed  as  a 'GfO-TTXX  with  the  experimental  tenter  designation 
to  be  selected  if  and  when  Lockheed  agrees  to  this  proposal. 

The  following  properties  would  apply  to  the  "053-T7EXX  tenter: 

1.  Minimum  tensile  mechanical  properties  identical 
with  these  of  the  current  7C75-T5511,  integrally 
stiffened  P-1  panels. 

2.  Minimum  frseturs  toughness  <L-T  direction! 

23.0  Xsi  SC . AT.  IN.;  <T/L  direction)  21.0 
xsi  so.  rt.  :::.  • 

3.  Exfoliation  corrosion  lass  than  or  egual  to 
that  pictured  m Photograph  S Tiguro  2 of 
ASTM  G34-72  at  the  T/10  plane  was  tsstsd  in 
accordance  with  ASTM  034. 

4.  Stress  corrosion  cracking  resistance.  C-P.ing 
specimens  shall  be  capable  of  passing  a 
20-day  alternate  immersion  test  per  ASTM 
G47-46  when  stressed  in  the  short  transverse 
direction  at  2Ct  of  the  guaranteed  longitudinal 
yield  strength. 


This  information  has  been  passed  on  to  Mr.  Ed  Baimuth,  Naval  Air 
Systems  Command,  for  his  analysis.  It  is  my  understanding  that 
ha  feels  these  characteristics  are  satisfactory  for  P-3  applica- 
tions. Regardless,  we  look  forward  to  Lockhsed’a  response  to 
this  proposal. 

Very  truly  yours, 

A.  S.  Kuhns 
aal  5/2 
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1977  December  16 


Mr.  Roy  Brodie 
Lockheed-California  Company 
P.  0.  Box  551 

Burbank,  California  91520 
Dear  Roy: 

Attached  is  a summary  of  the  mechanical  property,  fracture 
toughness,  exfoliation  and  stress  corrosion  cracking  tests 
conducted  by  the  Alcoa  Technical  Center  on  the  two  lots  of 
7050-T7E7J  wing  planks,  die  no.  213562.  I understand  that 
you  are  interes  'd  in  possibly  attaching  this  data  to  your 
upcoming  summa-  report.  Please  let  me  know  if  we  can  pro- 
vide any  nddi*;  <nal  ' r.formation. 

Very  truly  yours,  /- 


■a  gu* 


R.  B.  SHEPARD 
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APPENDIX  1' 

Spectra  Fatigue  Tabular  Data 

Tabular  teat,  data  for  flight-by-flight  spectra  fatigue  t.oBts  arc  included 
in  this  Appendix. 

The  test,  data  locations  for  the  spectra  fatigue  specimens  are  shown  in  the 
follow l ng  table : 
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Specimen' 

No. 

Location, 

Page 

— ~ — ■ — rn — 

Specimen' 

No. 

Location, 

Page 

5M21 

P-2 

LB5 

B-18 

5M22 

B-2 

LBO 

B-ld 

LAI 

B-3 

LTB1 

B-20 

LA2 

»-li 

LTB2 

B-21 

LD1 

B-5 

hS4l 

B-22 

LB2 

B-6 

5Sl*2 

B-13 

')S21 

B-7 
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5822 
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Ovo r loaded 

(l)  For  tost  specimen  description,  sec  Table  7. 
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Tabular  test  data  for  constant  amplitude  crack  propagation  tests  are 
included  in  this  Appendix. 

The  test  data  locations  for  the  crack  propagation  specimens  are  shown  in 
the  following  table: 


Q . (l) 

Specimen'  ' 

No. 

Location, 

Page 

Specimen ^ ^ 

No. 

Location, 

Page 
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C-2 
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C-9  & 10 
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C-3  & 4 

8 

C-ll  & 12 

4 

C-5  & 6 

9 

C-13  & 14 

5 

C-7  & 8 

10 

C-15  & 16 

(l)  For  test  specimen  description,  see  Table 
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